The leaves and fine stems of Lippia schomburgkiana recorded an essential yield of 1.8%, the main constituents of which were 1,8-cineole (64.1%) and α-terpineol (12.0%). The methanol extract of L. schomburgkiana inhibited the DPPH radical, resulting in an EC 50 value of 16.1 ± 0.7 μg.mL -1 , which is only three times lower than that of trolox (4.7 ± 0.4 μg.mL -1 ), signifying a high antioxidant activity for the species. The amount of total phenolics (376.7 ± 35.5 mg GAE/g) and the trolox equivalent antioxidant capacity (327.0 ± 24.8 mg TE/g) of the methanol extract confirmed the significant antioxidative capacity of this plant. The brine shrimp bioassay carried out on the oil (49.6 ± 0.4 μg.mL -1 ) showed high toxicity, providing important evidence of its biological activity. The sensory evaluation of the leaves of L. schomburgkiana showed a percentage acceptance value very close to commercial oregano, indicating that the plant can be used in spice and condiment products.
The genus Lippia (Verbenaceae) comprises nearly 200 species of herbs, shrubs and small trees growing in South and Central America and Tropical Africa [1a,1b] . L. schomburgkiana Schauer (syn. L. origanoides Kunth) [2] is an aromatic shrub growing up to 1.5 m in height, known as "salva-do-marajó" and "alecrim-do-campo" in north and northeast Brazil. It is used in food preparations as seasoning and in traditional medicine to treat influenza, colds and respiratory disorders [3a,3b] .
This genus is well known for its aromatic character and more than fifty Lippia essential oils have been reported. The main volatile constituents that have been found frequently in the essential oils of Lippia spp are: thymol, carvacrol, carvone, neral, geranial, 1,8-cineole, limonene, p-cymene, linalool, α-pinene and β-caryophyllene [3b,3c]. Many Lippia species show variations in the oil composition, producing several chemotypes. This is the case with L. alba, where the chemotypes citral, carvone, 1,8-cineole and linalool have been identified in plants collected from different regions of Brazil [4a,4b,4c ]; of L. lupulina that occurs in the distant areas of Mato Grosso state, Brazil, with the chemotypes terpinen-4-ol + 1,8-cineole + β-caryophyllene, and germacrene D + β-caryophyllene + bicyclogermacrene [5] ; and of L. glandulosa that grows in the Lavrado area of Roraima state, Brazil, with the chemotypes thymol and β-caryophyllene [6] .
L. origanoides Kunth (syn. L. schomburgkiana Schauer) is known in Mexico as oregano and used as a substitute for L. graveolens Kunth and Origanum vulgare L., the Mexican and Greek oreganos, respectively. Previously, the oil of a specimen of L. origanoides collected in Belém, Pará state, Brazil, has been analyzed by the authors of this study, in which p-cymene (27.8%), α-terpinene (22.4%) and thymol (20.6%) were the main components [7a] . More recently, other oils of L. origanoides have been reported from three specimens collected in the state of Piauí, Brazil, wherein carvacrol (ca. 38%), p-cymene (ca.13%) and γ-terpinene (ca.10%) were the principal compounds [7b]; from one specimen harvested in the state of Pará, Brazil, dominated by carvacrol (38%), thymol (18%) and p-cymene (10.3%) [7c]; and from two different chemotypes collected in Santander state, Colombia, wherein carvacrol (44%), thymol (14%) and p-cymene (9.5%) were the major constituents of one chemotype, and p-cymene (15.7%), (E)-βcaryophyllene(9.4%) and α-phellandrene + Δ 3 -carene (8.7%) were the main volatile compounds of the other chemotype [7d].
The oils and extracts, in addition to the biologically active natural compounds, have been proposed for use in food preservation, flavouring, and the pharmaceutical industry for the control of human illness, and the prevention of lipid peroxidative damage implicated in several pathological disorders, such as atherosclerosis, Alzheimer`s disease, carcinogenesis and aging processes [8a,8b,8c] .
The present work aimed to study the oil composition, the antioxidative capacities, the total phenolic contents and the toxicities of the oil and the methanol and aqueous extracts of the aerial parts of L. schomburgkiana collected in Anapurus, Maranhão state, Brazil.
Analysis of oil yield and composition:
The leaves and fine stems of L. schomburgkiana provided an oil yield of 1.8% and the volatile constituents of this oil were analyzed by GC and GC-MS. Individual components were identified by comparison of both mass spectra and GC-retention data with authentic compounds previously analyzed and stored in the data system. Other identifications were carried out by comparison of the mass spectra with those existing in the data system libraries and cited in literature [9a,9b] .
Thirty-eight volatile constituents, totalizing 100%, were identified in the oil of L. schomburgkiana, the predominant components being the oxygenated monoterpenes (81.8%). The main component found was 1,8-cineole (64.1%), followed by α-terpineol (12.0%), γ-terpinene (3.7%) and terpinen-4-ol (3.0%). These components are listed in Table 1 . 
Based on the current results, the existence of a new chemotype of L. schomburgkiana, is now considered, having as support the identification an oil rich in 1,8-cineole. (TEAC), and total phenolics (TP) of the methanol extract of L. schomburgkiana are shown in Table 2 .
Brine shrimp bioassay: Both the oil and the methanol extract of L. schomburgkiana showed significant brine shrimp larvicidal activity, according to the standards of Meyer and coworkers (1982) [12] , who classified crude extracts and pure substances into toxic (LC 50 < 1000 μg mL -1 ) and nontoxic (LC 50 > 1000 μg mL -1 ). The oil (LsO, 49.6 ± 0.4 μgmL -1 ) was highly toxic, showing evidence for a significant biological activity. The methanol extract (LsMe, 384.6 ± 14.5 μg mL -1 ) showed low toxicity. The results for the brine shrimp bioassay are shown in Table 3 .
Acute toxicity. The acute-toxicity analysis did not show any toxic symptoms, changes in behavior or mortality of mice at doses of 500, 1000, and 2000 mg kg -1 of aqueous extract. The results indicate that the value of the median lethal dose (LD 50 < 2000 mg kg -1 ) of aqueous extract of L. schomburgkiana is very high, and, therefore, it has low toxicity [13] . The toxicity of the oil was not evaluated; however, the LD 50 of its main constituents have already been published, and these values are higher than 2000 mg kg -1 [14] , the maximum dose of aqueous extract administered to mice in this study. Moreover, the LD 50 values of carvacrol and thymol, the main components of oregano, indicate higher toxicity when compared with 1,8-cineole, α-terpineol, γ-terpinene, and terpinen-4-ol, which dominate the oil of L. schomburgkiana.
Sensory analysis:
This evaluation was based on the previous acute-toxicity study. Because L. schomburgkiana showed no toxicity, its leaves were compared with commercial oregano (Oreganum vulgare) in the acceptance test tried out by tasting judges, chosen at random. The same visual similarity was provided to the plant samples identified as "toasted bread enriched with herbs" and submitted separately to tasters, who judged these samples according to a hedonic scale. Thirty-six tasters, aged between 17 and 66 years, participated in the acceptance test. The percentage acceptance value obtained for the products was 86.4% for oregano and 78.7% for L. schomburgkiana, which was approximately the same level of acceptance.
Conclusion:
The high content of 1,8-cineole in the essential oil of L. schomburgkiana (syn. L. origanoides) collected in Anapurus, Maranhão state, Brazil, indicates a new chemotype for this species. The values obtained for DPPH inhibition, total phenolics (TP) and trolox equivalent antioxidant capacity prove the high antioxidant capacity of its methanol extract. The oil had a large brine shrimp larvicidal activity and, thus possessed a significant biological property. The aqueous extract and the oil have low acute toxicity, and the sensorial evaluation of their taste was positive. These results can be considered as promising for the future use of this plant in spice and condiment products. Plant processing: The aerial parts (leaves and thin stems) of L. schomburgkiana were air-dried, ground and submitted to hydrodistillation (300 g, 3 h) using a Clevenger-type apparatus. The oil (LsO) was dried over anhydrous sodium sulfate, and the percentage contents of the constituents were calculated on the basis of the plant dry weight. The moisture content of the sample was calculated after the phase separation in a Dean-Stark trap (5 g, 30 min) using toluene. The leaves and thin stems (30 g) were also extracted with methanol and water in Soxhlet extractors. The methanol (LsMe) and aqueous (LsAq) extracts were submitted to vacuum evaporation and lyophilization to eliminate the solvents, and their yields were calculated.
Oil-composition analysis:
The analysis of the oil was carried out on a THERMO DSQ II GC-MS instrument, under the following conditions: DB-5 ms (30 m x 0.25 mm; 0.25 μm film thickness) fusedsilica capillary column; programmed temperature: 60-240 o C (3 o C/min); injector temperature: 250 o C; carrier gas: helium, adjusted to a linear velocity of 32 cm/s (measured at 100 o C); injection type: splitless (2 μL of a 1:1000 n-hexane solution); split flow was adjusted to yield a 20:1 ratio; septum sweep was a constant 10 mL/min; EIMS: electron energy, 70 eV; temperature of ion source and connection parts: 200 o C. The quantitative data regarding the volatile constituents were obtained by peak-area normalization using a FOCUS GC/FID operated under conditions similar to those in GC-MS, except for the carrier gas, which was nitrogen. The retention index was calculated for all the volatiles constituents using an n-alkane homologous series.
Antioxidant-capacity evaluation: A stock solution
of DPPH radical (0.5 mM) was prepared in methanol. The solution was diluted in methanol (60 µM approx.) to yield an initial absorbance of 0.62 ± 0.02 at 517 nm and at room temperature. The reaction mixture was composed of 1950 μL of DPPH solution and 50 μL of the sample diluted with different proportions of methanol. For each sample, a methanol blank was also used. The absorbance during the reaction was measured every 5 min, starting at time zero for the first 20 min, and later at continuous intervals of 10 min, up to a constant absorbance value. All experiments were carried out in triplicate. Trolox 
Total phenolics content:
The amount of total phenolics (TP) was determined according to the Folin-Ciocalteu procedure [11, 16] . The experimental calibration curve was prepared using 500 μL of an aqueous solution of gallic acid mixed with 250 μL of Folin-Ciocalteau reagent (1.0 N) and 1250 μL of sodium carbonate (75g L -1 ), resulting in final gallic acid concentrations ranging from 0.5 to 7.0 mg L -1 . The absorbance was measured after 30 min at 760 nm and 25ºC (UV-vis spectrophotometer, GBC 600). The extract was dissolved in methanol (5 mg mL -1 ), diluted in water, and submitted to the same procedure. The total phenolic content was expressed as the gallic acid equivalents (GAE) in mg per g of extract, using the Eq. (3):
where Abs sample is the absorbance of sample, D is the dilution of sample, α is the angular coefficient of straight line, d is the dilution of the reaction and C is the sample concentration (g/L).
Cytotoxicity (brine shrimp bioassay):
Brine shrimps (Artemia salina) were hatched using brine shrimp eggs in a glass rectangular vessel (5 L), filled with sterile artificial seawater, prepared using water (2 L), NaCl (46 g), MgCl 2 ·6H 2 O (22 g), Na 2 SO 4 (8 g), CaCl 2 ·2H 2 O (2.6 g) and KCl (1.4 g), with pH 9.0 adjusted with Na 2 CO 3 , under constant aeration for 24 h [17] . After hatching, active nauplii, free from egg shells, were collected from the brighter portion of the hatching chamber and used for the assay. Ten nauplii were drawn through a glass capillary and placed in vials containing 5 mL of brine solution.
In each experiment the oil and extract (5%) solutions were prepared using the brine solution and DMSO. From them 4 other solutions at different concentrations were prepared and then added to the 5 mL brine solution. The vials were maintained at room temperature for 24 h under the light and the surviving larvae were counted. Experiments were conducted along with a control and different concentrations (1 at 1000 μg mL -1 ) in a set of 3 tubes per dose. The percentage lethality was determined by comparing the mean value of surviving larvae of the test and the control tubes. Lethal concentration (LC 50 ) values were obtained from the best-fit line plotting concentration versus percentage lethality [18] .
Acute toxicity in mice:
Male mice (Mus musculus Albino, Swiss), free from specific pathogens, weighing 20-25 g, acquired from the Animal Experimental Centre of the University of Pará, were used. The mice were maintained as 3 animal groups in separated boxes, under a controlled climatic environment (23 ± 2 °C) and humidity (63 ± 2 %) with 12-h-dark/12-h-light shifts; food and water were provided ad libitum for at least 7 days before the experiments. The project was approved by the Committee of Ethics in Animal Research of the University of Pará. Mice (n = 12) were subjected to single doses of aqueous extract (by oral gavage), at concentrations of 1000, 1500, and 2000 mg.kg -1 , to determine the median lethal dose (LD 50 ). The animals were observed for a 48 h period for either behavioral alterations or toxic effects. The LD 50 was determined by probit test [18] .
Sensory evaluation:
For the sensory analysis of taste, the dried and ground leaves of L. schomburgkiana, oregano powder (Origanum vulgare) and toasted bread were used. The leaves of L. schomburgkiana and the oregano were spread on the toasted bread and presented to tasters. Then, the tasters rated the degree of acceptance based on the hedonic scale.
Statistical analysis:
Samples were assayed in triplicate, and the results are shown as means ± standard deviation. Analysis of variance was conducted and the differences between variables were tested for significance by the one-way ANOVA with Tukey's post-hoc test using the Minitab version 14. Differences at p < 0.05 were considered statistically significant. The type of relationship between the variables was determined by simple regression analysis.
